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OMNET: discrete event simulation framework

OMNET++ simulations on EGEE with P-GRADE Portal

Science gateways for the OMNET community

Building other science gateways from P-GRADE Portal




What is OMNeT++?

Enabling Grids for E-sciencE

A generic simulation framework:

For the simulation of complex distributed systems: distributed hardware
and software architectures, communication networks, queuing

networks,...
g
An open environment Q&\ m/gﬁ
Dual licensing: /«@?‘_"m\
Academic Public License A
Commercial License T [ T
Vivid academic and commercial community o Sl Tragen
Www.omnetpp.org i /u@g
OMNET developers =
define new modules (network endpoints) in NED files .m,gapm e
define simulation parameters in INI file ‘ ?
&
covcs
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OMNET ++ simulation domains

Enabling Grids for E-sciencE

Modules may represent:

Messages / events may
represent:

hardware systems

sensor, controller, disk, interface
card, CPU, memory

signals, commands, disk head
movement, interrupts,...

server farm

application server, web server,
daemon process (service), thread,
database, database query process

HTTP request, remote method
invocation, SQL query,...

business processes

department, organizational unit, filing
cabinet, database, employee,
customer,...

file or job, email/phone
communication, deadline,...

communication networks

host, router, comm. media, protocol
layer, application, simulated user,
app. session

protocol header, packet,
beginning/end of frame
transmission, collision, timer
expiry, session start/end,...

call centers

call center, clerk, customer

start/end phone calls, end of
customer’s patience (balking),...

queuing systems

queue, switch,...

job, beginning/end of processing



An OMNET simulation

Enabling Grids for E-sciencE

NED file (Network Description Language) [General]
Elementary modules cmdenv-express-mode = true
How modules are assembled

C code description = "a server ring"
. network = RingQueue
INI file ** source.numdJobs =
Simulation configurations | OUEEUMIRHE =25
.- .serviceTime = exponential( )
Parameter variations ** apply-default = true
Graphica| or text editors constraint = $numJobs!=20 || $serviceTimeMean<1s
Further runs...
//
// Host with an Ethernet interface
//
module EthernetHost {
parameters:
gates:
submodules:
2 i Onertfosce-o.sca . e sldect:nmfmmur\d'\.i-ma'mlm. * = gy strng) - CQuerg , app: EtherTrafficGen;
o R %;T' llc: EtherLLC;
A Cumment sebection: — . : o Fork mac: EtherMAC;

WLT ¥ =2 M@@ m %:“‘: connections:

e (o + app.out —--> llc.hl_in;
w2l e | WEEEEW [ app.in < llc.hl_out;

Bt i e ki el == A = 2 - llc.1ll_in <-— mac.hl_out;
anakr = fm“m - 1lc.1ll_out —-—> mac.hl_in;
Srmin % e [con ] mac.ll_in <-- in;
avertay icon ¢ - 4 capscty = funsssgned (MED defauit: -1)) mac.ll_out --> out;

_ averlay icon ¢ 3 :| Elv'-f_trsmclTiE)uelf#F trusl) -

0 e otz Q) :
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Cy Inifiles and Experiments

Enabling Grids for E-sciencE

Default organization of experiments:

Config entry Default value
experiment-label “${configname}”
measurement-label “${iterationvars}”
replication-label “#${repetition}, seedset=@”
seed-set ${runnumber}

Note: by overriding the defaults, many variations are possible. For example:
By specifying an explicit experiment-label, one can group many configurations into one experiment
seed-set can be set to ${repetition} as well
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Enabling Grids for E-sciencE

Simulation results

vector results: a sequence of events (time, value) pairs

typical visualization: line chart

scalar results: statistical or overall values for the simulation

typical visualization: bar chart, x-y plot
Visulization

OMNeT++'s tools

3rd party tools (R, Matlab, Excel, etc)
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CIEIC]C) EGEE Application Porting Group

Enabling Grids for E-sciencE

Porting legacy applications to EGEE

For code that already runs on one machine, on a cluster or on a grid
Our service includes

Consultancy

Customized training

Technology support

Email / telephone help desk

Coding
Generic service for any user / community

More information, stories and application form:

http://www.lpds.sztaki.hu/gasuc

GASuC

Grid Application Support Centre
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ClE Support cycle and services

Enabling Grids for E-sciencE

Problem analysis

Personalized

Interviews training

Apply online at

Porting specifications

ecee

nabling Crids
for =-scienc

w@as .
Prototyping grid
applications
Writing
publications and Fine tuning applications
case studies on production grids




Chosen tool: P-GRADE Portal

Enabling Grids for E-sciencE

b Lk tew o fedinads Dok e

Web based grid application e e

| Prade Partal | Ll sptere ol

0D P-eRADE|

development environment
Support for N

mmmmmmmmmmmmmmmmm
nnnnnn

parameter sweep workflows

gLite and Globus middleware

Open source tool:

hitp://sourceforge.net/projects/paportal/

Services:

Job management

Grid file management

Certificate management

Fault tolerant job execution in unreliable environments
Porting roadmap for OMNET:
Compile and run OMNET framework with P-GRADE Portal
Development of OMNET portlet
Using the Application Specific Module of P-GRADE Portal
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CHEE OMNET++ Workflow

Enabling Grids for E-sciencE

WWWportaIp-gradehu B Workflow Editor - [OMNeTpp_2009_MODULE] Mode - Edit

Workflow Edit Options Help

=S Fx| 8 Jonlp 1 |
— File to specify which }

[»

“OMNET runs” to
execute on the grid

-

Generator:
Separates
OMNET
parameter scans
into independent

\_ gridjobs.  /

[«]




CHEE OMNET++ Workflow

Enabling Grids for E-sciencE

WWWportaIp‘gradth B Workflow Editor - [OMNeTpp_2009_MODULE] Mode - Edit
Workflow Edit Options Help
e Output file: ’=Q=
100 125 150
Scalar results of ~
simulation ( .
Custom NED file

[ ]
Custom INI file

Custom OMNET
modules — only in

Executable:
Wrapper script to developer portal
initialize Simplified
(OMNET framework )~ et Additional libraries :
framework libstdc++.50.6.0.3,
(tar.gz) libxmlI2.50.2.6.16
~10 MByte, J

\_ Pulled from SE .




Two types of OMNET portals

Enabling Grids for E-scienc

OMNET user portal

Automated account creation.
Account exists for 1 week

Only INET and Queuing modules in
NED files

No binary comes from end user

Portal performs grid operations with a
robot certificate

In production:
https://pgrade-omnet.sztaki.hu

&l https://n39. hpce.sztaki. hu: B443/szupergridfautoacc - Windows Internet Explorer

OMNET developer portal
Permanent user accounts

Any NED file

Binaries come from end users

Grid operations with the users
personal certificates

Under development

{2 PGrade Grid portal - Windows Internet Explorer,

L2 A e he 9.hpce. sztakil peraridfautoa | Cortcate Errar |+ X | (2] @:\:j + [ hetps:| 39, hpet setaki 8443 aridsphere/gridsphers v | bl cemicate Error | 42| K| |
—= — _ - » —== = _ - 5
w o gg‘vlg‘mps:nnjg hpee sztaki.h... 3 | @3 Parade Grid portal { | 5 - B - b - [ Page - G Took - w* |gg|v [Ehttps‘,mg HreaEs e }q%mdg gt x ] ‘ % - B - o - [ Page - £ Tools -
&
= BE==F English |v =
RELEASE 2.7
0 P-eRADE|
FEreDs
¥ { portal
e =
D P-ERADE |
e
i +portal
Introduction
This portal provides access to a fiee on-line service that utiises the power of computing chusters
including hundreds of processors to run simulation scenarios defined with the OMNeT++ Welcome to OMNeT++ service Portal!
framework. OMNeT++ is a C++based discrete event simulation package primarily targeted at UserMame ||
sinmilating computer netwarks and other distributed systems. With the support of EGEE Grid -, Password 7
Application Support Centre the OMNeT++ framework has been ported to the EGEE Grid required camficat? pls_ase, zc;’\ta‘nt thef |7|nna\h§dr"\\\lwstratcr and apply for a partal account. If you wish
2 3 5 : = to get an account for this Portal please follow this link: get access
computing platform. The work has exploited the parameter definition services of OMNeT++ and If you need any assistance please e-mail ta the suppart team: portalreq@lpds.sztaki.hu F Iianembior iy s
the parameter study support features of P-GRADE Grid Portal Using these facilities we have
created a distributed application that enables the execution of OMNeT++ simulations on the
BOEE 2d 557 GRIT) ibaticines OMIET -+ tais can e Sabea sposdog i Login
system simulation with this sohution.
Forget your password?
Pam‘f,ﬁ " . . This portal is based on P-GRADE Grid Portal technology, which was developed by the Laboratory of L
The grid-based OMNeT++ environment enables users to upload NED and INI files into the Parallel and Distributed Systems at MTA-SZTAKI, Hungary. The P-GRADE Portal is a workflow-oriented
il et el R Fon-<ecaltices Bt onytiorm s fachins oE A, el il Grid portal that enables the creation, execution and monitoring of computational workflows in Grid
environments through high-level, graphical Web interfaces. The P-GRADE Portal serves various Grid
platform. The system takes care about load-balancing, file transfer, brokering and other Communities in research and industry.
distributed computing issues automatically. Users do not need to modify their OMNeT++ NED . .
il 2R i D e e This site is built with P-GRADE Portal version 2.7 software. This Portal has been tested with Mozills 1.6,
and INI files to perform sinmlations on the Grid. the same simulations that have been tested and Netscape (4.x, 6 and higher) and Internet Explorer (5 or higher) with JRE x 1.5.0_06 Java
used on your local computer can be performed in the grid now — the only difference that you will < p\ugbl in. Using other versions of web browsers or Java Virtual Machines may lead to visialization %
e - L i iiitie. - 8 problems. ]
E & Internet HA00% € 1nternet LTI
()l_l_ 111l 1INT OV 'INLl 22 2VUV7/



OMNeT++ user portal

Account request

@.\;— > |g, https:/{n39. hpoe.sztaki.huiS44 3/ szupergridf autoacc V|@ Certificate Error | 3% | |gwendia | 2 |-
_ — - 33
w |88 '{E, https:/{n39.hpce.sztakih,.. 3¢ |98 parade Grid portal l | ﬁ - B = v |:.hPage » iCF Tocls -

|

L ] | mm | —] \
J portal

Introduction

This portal provides access to a free on-line service that utilises the power of computing clusters
inchuding hundreds of processors to run simulation scenarios defined with the OMNeT++
framework. OMNeT++ is a C++-based discrete event simulation package primarily targeted at
simulating computer networks and other distributed systems. With the support of EGEE Grid
Application Support Centre the OMNeT+ framework has been ported to the EGEE Grid

computing platform. The work has exploited the parameter definition services of ONMNeT++ and
the parameter study support features of P-GRADE Grid Portal Using these facilities we have
created a distributed application that enables the execution of OMNeT++ simulations on the
EGEE and SEE-GRID infrastructures. OMNET++ users can achieve significant speedup in
system simulation with this solution.

Features

The grid-based OMNeT++ environment enables users to upload NED and INI files into the
portal environment and to perform simulations based on them using machines of a distributed grid
platform. The system takes care about load-balancing, file transfer, brokering and other
distributed computing issues automatically. Users do not need to modify their OMNeT++ NED
and INI files to perform simulations on the Grid, the same simulations that have been tested and
used on yvour local computer can be performed in the grid now — the only difference that vou will

4w T

»

€ Internet & 100%  ~
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OMNeT++ user portal

Enabling Grids for E-sciencE Acco u nt req u eSt

- hitps:/fn39. hpce.sztaki. hu: B443/szupergridfautoacc - Windows Internet Explorer
]S
v |88 vlgl https:/{n39.hpce.sztakih,.. 3¢ |98 parade Grid portal l

LI e COTS I UL TG SUeiOT (5 UL CIet COTICIE T ITC ovi 7L 9L L FLrCl Tt Cil HIS e
provides this service "as is" and any express or implied warranties, including, but not limited to,
the implied warranties of fitness for a particular purpose are disclaimed. In no event shall the
MTA SZTAKI research institute or any of its emplovees be liable to vou or any third party for
any direct, indirect, incidental, special, exemplary, or consequential damages (including, but not
limited to loss of data or profits or business interruption) however caused and on anv theory of
liability, whether in contract, strict liability, or tort {(including negligence or otherwise) arising in any
way out of the use of this service, even if advised of the possibility of such damage. By using this
service, vou warrant (and agree to indemnify us against any breach by you of this warranty) that
any content you upload to this site does not infringe any intellectual property right (whether or not
capable of registration) in any jurisdiction worldwide, that such content is not defamatory,. and
that it is not in any other manner contrary to any applicable local, national, or international law or
regulation. The MTA SZTAKI research institute reserves the right to remove from the service
without notice and without compensation any content which according to its knowledge or
reasonable belief fails to satisfy these criteria or any of them, and such removal shall not preclude
the MTA SZTAKI research institute from pursuing anv other remedy available to it under statute,
in law, or in equity in any jurisdiction.

i |g, https:/{n39. hpoe.sztaki.huiS44 3/ szupergridf autoacc V|@Certificate Error | 4| %K |gwendia | P~

i
ﬁ - B [;éa v |:zk Page - {j} Tools

12

More information
OMNET++ Community: www_omnetpp.org
MTA SZTAKI Grid Application Support Centre: www Ipds sztakd hu/gasuc

vou interested in Omnet++ running on nvironment :

E-mail address :  |sipos@sztakihu
3fpm2

[

€ Internet & 100%  ~
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OMNeT++ user portal

Enabling Grids for E-sciencE - ACCO u nt c reated ? e m ai I

S Account details for

File Edit Wew Go Message Tools Help

./ N | B 8 FJlo X 6 &.

Get Mail Write  Address Book Feply Reply all - Forward Tag Delete Junk Prink

= Subject: Account details for OM

From: pgrade MotifvService MoReply
To: sipos@szhaki hu

Thizs automated email has been sent to inform ywou that an account has been prepared for you on the OMNeT++ Grid Fortal.
account reguest has been submitted to us from the hoop://portal.p-grade.huw/omnecdemo page.
submitted the request then please inform us at pgportallflpds.sstaki.hu.

The

If wyou are not the one who

To access your personal account oh the OMNET+H+ portal plesse follow this= link:

https://ni9.hpoo.sztaki.hu: 5443/ gridsphere/gridsphere/ login/ login/r/ ?gs action=gs loginsusername=Sade4SZ fLpassword=5SadedSzZ6

FPlease note that THe S

geutive for one week (frow the date of creation) and can be used Lo The OMNeT++
simulation within that period on the Grid. Should you HeEsHd SCCESS IOL IODOer Chan a week, or should you like to run more than
one OMNeT++ simulations,

please apply for additional accounts on the sbove page or contact us at pgportalldlpds.sztaki.hu.

Eest regards,
OMNETT++ Grid Service Adwinistrators
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OMNeT++ user portal

Enabling Grids for E-sciencE Pe rso n a I sett i n g S

2 PGrade Grid portal - Windows Internet Explorer

i :
L o |.i https:/{n39. hpoe.sztaki.hui@44 3/ gridsphere/gridsphere?cid=97 V|@Certificate Error | 4| %K |gwendia | T
w & g3 '{'SPGrade Grid partal 3 | ®5 Parade Grid portal l | - B fsh ~ |k Page + (0 Tock -
Logout 5
RELEASE 2.7
r‘f;.-:""_?
) P-CREDE|
e 1=
Ty ¢
T partal
}-ﬁdr“ Try OMNET project on GRID! ]
oty
Notifications =20
Email Settings:
Enabled:
Email Address: |5ipns@sztaki_hu |
Email Subject: |OMNET++ Measurement Motification |
Workflow Change Settings:
Enabled:
Message: Dear User! )
key list: B
¥Your CHMNeT++ simulation's status is changed in ﬁzg;ﬁ
job #job: #portal#
old Status is : #oldstatus# #workflows
new Status Is : #newstatus$ #oldstatus#
#newstatus#
#details#
b

€ Internet # 100% -
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OMNeT++ user portal

Enabling Grids for E-sciencE I n p Ut defi n iti O n Wi nd Ow

{= OMNET++ Grid Portal - Windows Internet Explorer

—

L o |.i https:/{n39 hpoe.sztaki.huiS44 3/ gridsphere/gridsphere?cid=187 V|@Certificate Error | 21| % | |a al | 2 |-
w |'=OMNET++ Grid Portal ] | - B fsh ~ |k Page + (0 Tock -
Logout 5
RELEASE 2.7

D P-ERADE|

=7 | portal

OMNET++ Upload Inputs

Browse... |

UprpLoaD NED FILE:J

T Browse. . Upload Files

Your current INI file : ¥ our current NED file :
[Generall] rr
// This file is part of an OMNeT++/CMNEST simulation
sim-time-limit=2h example.
** wector-recording=false £
network = TandemQueus // Copyright (C) 2006-2008 OpenSim Ltd
*% interArrivalTime = exponential (2=) i
*#% gerviceTime = exponential (2s) ff This file i=s distributed WITHOUT ANY WARRANTY. See the
file
// “license' for details on this and other legal matters.
rr
import org.omnetpp.gqueueing.ueue;
import org.omnetpp.queueing.Sink:
import org.omnetpp.gqueueing.Source;
R
5 | 2
Dane € Internet H100% v
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OMNeT++ user portal

Enabling Grids for E-sciencE Si m u Iat i O n exec ut i O n Wi nd Ow

= OMNET++ Grid Porial - Windows Internet Explorer

S—

L o |.i https:/{n39. hpoe.sztaki.huiS44 3/ gridsphere/gridsphere?cid=193 V|@ Certificate Error | || x| |=L-'-:::;:i-_ | P~
[ (ro— = " »
w |'=OMNET++ Grid Portal ] | - B = v |:.hPage » iCF Tocls -
Logout 5

RELEASE 2.7

O P-ERADE|

P ERPD=

| portal

-

< Start Simulation(s) |
\

Show status

Status

0.0%

Message :

null

OMNET++ Execution and Download

Download Results

Step 1 Step 2
Set / Upload Inputs Siart/Download

05 March 2009

=]

€ Internet # 100% -

EGEE-III-INFSO-RI-222667



OMNeT++ user portal

Enabling Grids for E-sciencE Si m u Iat i O n exec ut i O n Wi nd Ow

ET++ Grid Portal - Windows Internet Explorer

@.\;— > |.i https:/{n39. hpoe.sztaki.huiS44 3/ gridsphere/gridsphere?cid=193 V|@ Certificate Error | || x| |a3-'-::;:i-_ | P~
[ —_— - 3
w |'=OMNET++ Grid Portal ] | - B = v |:.hPage » iCF Tocls -
Logout 5
RELEASE 2.7

l portal

OMMNET ++ Evorutinn and Ninwnlnad

Start simulation .

Executing and Refresh
Optional choices:
Start Simulation(s) |

Send email notification; | Mever W

Mewer
Show status Dol Mote: Choosing to be =fgErag th ange

ehange may generate |5y oo ed DMLY

Status Cancel

0.0%

Message :

null

Step 1 Step 2

Set / Upload Inputs Siart/Download

=]

05 March 2009

€ Internet # 100% -
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OMNeT++ user portal

Enabling Grids for E-sciencE Si m u Iat i O n exec ut i O n Wi nd Ow

= OMNET++ Grid Porial - Windows Internet Explorer |Z"E||g|
h: - |.£ https: riag. hpce.sztaki.hu:a44 3igridsphere faridsphere?cid=195 V|@cBrtificate Errar | ||| |=;.--;;:;,;._ | P
w iiBOMNET++ tid Partal ]_| - B - & - [ZrPage  @Tods v
Logout
RELEASE 2.7
O P-ERADE|

P:'_"Hﬁl:ls
1= o

@ | portal

L

-

OMNET++ Execution and Download

: fresh
< Show status
[— Download Results
Status
50.0%
Message :
null
Step 1 Step 2
Set / Upload Inputs Start/Download
05 March 2009
Done € Internet H100% v
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OMNeT++ user portal

Enabling Grids for E-sciencE Res u It d Own Ioad Wi nd OW

MMET++ Grid Portal - Windows Internet Explorer

— :
@"'{j‘ - |.i https:/{n39. hpce.sztaki.huiS44 3/ gridsphere/gridsphere?cid=195 V|@ Certificate Error | 4| % |=', gle | Q|-
o = ; »
w I's CMMET++ Grid Portal ] | - B = v |:.hPage » iCF Tocls -

RELEASE 2.7

O P-ERPDE|

Logout

| portal

Executing and Refresh

Show status

Status

100.0%

Message :

null
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Available OMNeT modules

Enabling Grids for E-sciencE i n u Se r po rta I

INET Framework
TCP/IP based wired and wireless networks: TCP, UDP, IP, IPv6, IEEE

802.11, Ethernet, MPLS, ...
several contributors

Queuing Framework :
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e OMNeT++ developer portal
Enabling Grids for E-sciencE Ce rtificate ma nag e me nt

RELEASE 2.7
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"ﬁmﬁmﬂ'{' OMNET project l

? Certificate Manager =0
/ Certificate list
Issuer Set for Grids Time left [Actions]
—Hl) 0= = = - - : . seeqrid en . _
< C=HU,0=NIIF CA,0U=GRID,QU=ELTE IK,CN=Balasko Akos,E=akos0215@freemail.hu,CN=proxy seeqrid_GLITE_BROKER 99:59:27 Details | Set for Grid | Delete| >
Download |(D0wload certificate from MyProxy server.) Upload i (Upload authentication data to MyProxy server.)
Credential Management |(Display infarmation, change MyProxy passphrase, remove a credential from MyProxy server.)
Message: Certificate successfully set for seegrid,
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e OMNeT++ developer portal
Enabling Grids for E-sciencE SimUIation manager Window

RELEASE 2.7
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e OMNeT++ developer portal
Input definition

L

{ portal
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CJIEICJIC) P-GRADE application specific module

Enabling Grids for E-sciencE

Most porting projects must produce a grid portal

Interface for non IT people
Automated handling of grid errors

Application specific module for P-GRADE Portal

Provides an APl on top of Gridsphere and P-GRADE core
services

Only a few Java classes to learn!
Connect any Web interface to your application through this

No need to learn P-GRADE and Gridsphere programming
Examples:

OMNET simulation portals (1 novice, 1 advance)

Numerical Modeling of Mantle Convection portal

E-marketplace Model Integrated with Logistics
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Gy Conclusions

Enabling Grids for E-sciencE

“Application specific module” for P-GRADE Portal
Hide your grid from end users

Expose grid applications as software services

Build on P-GRADE core services & Gridsphere portal services
Success stories from various communities

OMNET++ simulation community

Earth science (mantle convection)

Logistics (optimization)

OMNET portal in production:
https://pgrade-omnet.sztaki.hu
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Enabling Grids for E-sciencE

Questions?

Gergely Sipos
sipos@sztaki.hu

www.lpds.sztaki.hu/gasuc
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